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Abstract

Allocentric spatial memory was studied
in dogs of varying ages and sources using a
landmark discrimination task. The primary
goal of this study was to develop a protocol
to test landmark discrimination learning in
the dog. Using a modified version of a
landmark test developed for use in
monkeys, we successfully trained dogs to
make a spatial discrimination on the basis
of the position of a visual landmark relative
to two identical discriminanda. Task
performance decreased, however, as the
distance between the landmark and the
“discriminandum” was increased. A
subgroup of these dogs was also tested on a
delayed nonmatching to position spatial
memory task (DNMP), which relies on
egocentric spatial cues. These findings
suggest that dogs can acquire both
allocentric and egocentric spatial tasks.
These data provide a useful tool for
evaluating the ability of canines to use
allocentric cues in spatial learning.

Spatial learning, the ability to locate the posi-
tion of an object in space, can be achieved in two
ways: (1) by reference to the observer’s body po-
sition (egocentric cues); or (2) by reference to the
position of an external referent or landmark (allo-
centric cues) (Pohl 1973). Previous research has

demonstrated that dogs can use both visual and
auditory cues to solve a spatial delayed response
task (Hunter 1913; Lawicka and Konorski 1959).
We have extended this work to show that dogs can
acquire visuospatial tasks using a nonmatching
paradigm (e.g., a spatial version of a delayed non-
matching to position task) (Head et al. 1995). To
solve both the delayed response and the delayed
nonmatching to position (DNMP) tasks, dogs are
very likely to rely on egocentric cues. In both of
these tasks, the use of allocentric cues would likely
be ineffective because the functional relevance of
the available allocentric cues change from trial to
trial. To date, allocentric spatial learning has been
demonstrated in rats (e.g., Gleason and Rothblat
1994) and monkeys (e.g., Pohl 1973) but not in
dogs. Although spatial learning and memory ap-
pears to be a phenomenon that is well-conserved
among species, it is likely to be particularly impor-
tant for dogs because they are territorial and it is
therefore essential that they be able to learn and to
remember the location of objects in space (Gallis-
tel 1990).

A landmark discrimination task has been used
to study allocentric spatial learning in monkeys
(e.g., Pohl 1973; Ungerleider and Brody 1977;
Mishkin et al. 1982; Mishkin and Ungerleider
1982). This task requires that a spatial discrimina-
tion be made on the basis of the position of a visual
object. In a testing box (Wisconsin General Testing
Apparatus; WGTA), monkeys are presented with
two identical “discriminanda” objects, which are
distinguishable only by their proximity to a land-
mark object. Animals are rewarded for approach-
ing and displacing the object closest to the land-5Corresponding author.
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mark object. Solving this task relies solely on the
use of allocentric spatial cues because information
about the correct response is provided only by the
location of the landmark. Egocentric spatial cues,
on the other hand, cannot be used to solve the task
because the position of the subject per se is irrel-
evant.

Pohl (1973) further demonstrated that lesions
to the posterior parietal cortex, but not the frontal
cortex, impaired performance on the landmark
task. In contrast, lesions to the frontal cortex, but
not the posterior parietal cortex, impair perfor-
mance on a place discrimination task that relies on
egocentric cues (Pohl 1973; Ungerleider and Brody
1977). Whereas these data suggest that dual neural
systems associated with the posterior parietal and
frontal cortex may mediate allocentric and egocen-
tric spatial learning, respectively, the actual cir-
cuitry is undoubtedly more complicated. For in-
stance, the posterior parietal cortex has also been
associated with egocentric spatial knowledge
(Stein 1989) and imaging studies using positron
emission tomography have shown that the parahip-
pocampal region is also associated with allocentric
spatial knowledge (e.g., Maguire et al. 1996, 1998).

This study was designed to develop a landmark
discrimination learning task for use in the canine to
determine whether dogs could use allocentric cues
to solve a spatial task.

Materials and Methods

SUBJECTS

Nine, random-source, mixed-breed dogs were
used: five young males (1.5–2 years; Angus, Benz,
Buick, Bronco, and Quincy); two middle-aged
males (7–8 years; Santa and Nickie); one old female
and one old male (>10 years; Millie and Inu). All
dogs had received a standard training protocol be-
fore this study to familiarize them with the testing
apparatus and the testing procedures (Milgram et
al. 1994). This included reward-approach learning,
object-approach learning, and object discrimina-
tion and reversal learning. In addition, all dogs (ex-
cept Santa) had been trained previously on a
DNMP task before receiving landmark discrimina-
tion training.

Dogs were housed individually in 1.07 × 1.22-
m pens with continual access to fresh water. Ani-
mals were maintained on a 12:12-hr light-dark
cycle, the humidity was kept at 40%–60%, and the
temperature was maintained between 22–24°C.

Dogs were exercised once daily in the early morn-
ing for ∼15 min while their pens were cleaned, and
they were fed ∼300 grams of dry dog food once
daily between 2:30 and 3:30 p.m. All behavioral
testing was conducted in the morning and early
afternoon before feeding.

TESTING APPARATUS

As described previously (Milgram et al. 1994),
the test apparatus was a 0.609 × 1.15 × 1.08-m
wooden box that was based on a canine adaptation
of the WGTA described by Fox (1971). The box
was equipped with a sliding Plexiglas food tray
with two lateral wells and a medial food well. Ver-
tical stainless-steel bars cover the front of the box.
The height of each bar was adjustable, so that the
size of the opening to each food well could be
uniquely set for each dog. The experimenter was
separated visually from the dog by a screen with a
one-way mirror and a hinged-door on the bottom.
Testing occurred in darkness, except for a light
with a 60-W bulb that was attached to the front of
the box. The hinged door was opened for the pre-
sentation and removal of the food tray.

GENERAL TEST PROCEDURES

Dogs received 10 trials per day with an inter-
trial interval of 90 sec. Dogs were tested once a day
until they reached a two-stage criterion. They had
to first respond correctly on 9 of 10 trials or on 8
of 10 trials over 2 consecutive days. They then had
to respond correctly on at least 70% of the next 30
trials (over three consecutive sessions). Dogs were
tested for a maximum of 40 days (for a total of 400
trials) or until they reached criterion, whichever
came first.

DATA ACQUISITION

Data acquisition was controlled using a cus-
tomized computer program that controlled all tim-
ing and randomization procedures, indicated the
location of the reward and the appropriate stimu-
lus objects, and stored all of the data in data files.
Before the beginning of each trial, the computer
emitted a tone that served as a cue for the dog and
instructed the experimenter to deliver the food
tray. Each trial was started when the experimenter
pressed a key and simultaneously presented the
tray to the subject. The dogs’ responses were re-
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corded by a key press, which also indicated the
end of the trial and signaled the beginning of the
intertrial interval.

Results

Experiment 1: Development
of a Paradigm for Training Dogs
on a Landmark Discrimination
Learning Task

Experiment 1 was aimed at developing a pro-
tocol for training dogs on a landmark discrimina-
tion task based on the procedure used by Pohl
(1973). We initially attempted to train dogs on a
task that required them to associate a food reward
with the discriminandum closest to the landmark.

PROTOCOL 1

Two yellow, rectangular Lego blocks
(7 × 6 × 6 cm) were used as identical discrimi-
nanda and a thin rectangular yellow block of wood
(9 × 2 × 2 cm) was used as the landmark object.
The yellow Lego blocks were placed 23 cm apart
to cover the two lateral food wells on the presen-
tation tray. The middle food well was not used in
this study. The landmark object was placed diago-
nally and medially 1 cm away from the discrimi-
nandum that covered the reward (Fig. 1). The land-
mark was attached to the food tray with a piece of

Velcro. The “correct” (i.e., rewarded) side was de-
termined randomly by the computer, with the con-
straint that both sides were correct on half of the
trials each test session. On each trial, the experi-
menter placed the food reward under either the
left or right food well and positioned the landmark
accordingly. The screen was then raised, the tray
was presented to the dog, and the dog was allowed
to respond to one side. A single correction trial was
allowed after the first incorrect response.

After 400 trials, none of the dogs had reached
the preset criterion of nine correct responses out
of 10 responses or eight correct responses out of
10 responses on 2 consecutive days. The dogs’ fail-
ure to learn this task was surprising because mon-
keys (Pohl 1973) and rats (Gleason and Rothblat
1994; Biegler and Morris 1996) can acquire similar
landmark tasks using comparable protocols. It is
possible, however, that the dogs did not associate
the reward with the discriminandum that was clos-
est to the landmark because the distance (i.e., 1
cm) between the landmark and the discriminan-
dum was too large. We investigated this possibility
in Protocol 2 by reducing the distance between the
landmark and the discriminandum. We also simpli-
fied the spatial configuration between the discrimi-
nandum and the landmark in Protocol 2 by always
placing the landmark to the right of the discrimi-
nandum, whereas in Protocol 1, the landmark was
always placed medially in relation to the discrimi-
nandum (i.e., to the left of the right discriminan-
dum and to the right of the left discriminandum).

PROTOCOL 2

The materials and procedures used in Protocol
2 were identical to those used in Protocol 1, ex-
cept that the landmark was positioned so that it
was in direct contact with the rewarded discrimi-
nandum (Fig. 2). Once again, dogs failed to achieve
the criterion level of performance over 400 trials.
The combined data from Protocols 1 and 2 suggest
that the dogs are not attending to the spatial rela-
tionship between the landmark and the discrimi-
nandum. We developed Protocol 3 to determine if
dogs could learn the spatial configuration between
the landmark and the discriminandum if the ani-
mals were first trained to specifically attend to the
landmark.

PROTOCOL 3

The third protocol had two separate stages, 1
and 2.

Figure 1: Landmark and discriminanda configuration
for Protocol 1 in Experiment 1. Two rectangular Lego
blocks were used as identical discriminanda and a thin
rectangular block of wood was used as the landmark
object. The Lego blocks were placed 23 cm apart to
cover the two lateral food wells on the presentation tray.
The landmark object was placed diagonally and medi-
ally 1 cm away from the discriminandum that covered
the reward.
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STAGE 1

In this task, two opaque Petri dishes were used
as the identical discriminanda. They were placed
23 cm apart over the food wells. Velcro tabs were
glued to the top center of the Petri dishes to hold
the landmark in place (Fig. 3, top). This landmark
position was called landmark 0 (L0). Dogs were
required to associate the landmark on top of the
discriminandum with the food reward. The proce-
dure was identical to Protocols 1 and 2. Dogs were
tested to criterion or 40 test sessions, whichever
came first. Table 1 (first two columns on the left)
shows that all dogs reached criterion in less than
40 test sessions, which suggests that dogs could be
trained to attend to the landmark.

STAGE 2

Once the dogs had learned to attend to the
landmark in stage 1, we investigated whether the
dogs could learn the spatial elements in the land-
mark configuration if the distance between the
landmark and the discriminandum was now in-
creased incrementally. The landmark was placed
diagonally and medially at either 1 cm (landmark 1;
L1), 2 cm (landmark 2; L2), 3 cm (landmark 3; L3),
or 4 cm (landmark 4; L4) away from the discrimi-
nandum that covered the reward (Fig. 3, bottom).
The procedure was identical to stage 1. Dogs were
tested at each distance (beginning with 1 cm) until
they either reached criterion or had received 40
test sessions. Once they had reached criterion at a
given distance, they were then tested on the next
distance. Dogs that did not reach criterion at a
particular distance were not tested at the next dis-

tance. Table 1 shows that all dogs, except two aged
dogs (Millie and Inu), reached criterion at L1 in
<400 trials. The remaining seven dogs reached cri-
terion at L2 and L3 in 400 trials. At L4, however,
only five of the seven dogs (Angus, Benz, Bronco,
Santa, and Nickie) reached criterion in <400 trials.
A one-way ANOVA was conducted to evaluate the
total number of errors during acquisition of L0, L1,
L2, L3, and L4 for the five dogs who successfully
reached criterion at L3. There was a significant
main effect: F(4,24) = 3.27, P < 0.028, which sug-
gests that performance decreases as a function of
increasing distance. These findings suggest that (1)
dogs could learn to attend to the spatial elements
of the landmark configuration task once they had
learned to first attend to the landmark; and (2) the
task becomes more difficult for the dogs as the
distance between the landmark and the discrimi-
nandum increases. To further investigate whether
task difficulty increases as a function of the dis-
tance of the landmark from the rewarded discrimi-
nandum, we tested a subset of six dogs (Angus,
Benz, Bronco, Buick, Quincy, Santa) a variable dis-
tance landmark task in Experiment 2.

Figure 3: (Top) Landmark and discriminanda configu-
ration for Protocol 3 (stage 1) in Experiment 1. Two
opaque Petri dishes were used as the identical discrimi-
nanda and Velcro tabs were glued to the top center of
the Petri dishes to hold the landmark in place. This land-
mark position was called landmark 0 (L0). (Bottom)
Landmark and discriminanda configuration for Protocol
3 (stage 2) in Experiment 1. The materials were identical
to those used in stage 1 (see A) except that the landmark
was placed diagonally at either 1 cm (landmark 1; L1), 2
cm (landmark 2; L2), 3 cm (landmark 3; L3), or 4 cm
(landmark 4; L4) away from the discriminandum that
covered the reward.

Figure 2: Landmark and discriminanda configuration
for Protocol 2 in Experiment 1. The materials were iden-
tical to those used in Protocol 1 (see Fig. 1), except that
the landmark was positioned so that it was in direct
contact with and to the right of the rewarded discrimi-
nandum.
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Experiment 2: Performance
on a Variable Distance Landmark Task

The purpose of Experiment 2 was to investi-
gate whether dogs could perform the landmark
task if the distance between the landmark and the
rewarded discriminandum was varied across trials.
The materials and procedure were identical to Pro-
tocol 1, stages 1 and 2. The landmark was ran-
domly positioned at either L0, L2, or L4, as deter-
mined by the computer. Dogs were tested once a
day with 10 trials per day, for a total of 40 days
(400 trials). Dogs were required to associate the
reward with the discriminandum that was closest
to the landmark.

RESULTS FOR VARIABLE DISTANCE LANDMARK
DISCRIMINATION TASK

An analysis of the total number of errors made
over 400 trials using the binomial probability dis-
tribution showed that all dogs performed this vari-
able distance landmark discrimination task at sig-
nificantly greater than chance levels (P < 0.05).
Figure 4 shows the mean percentage of correct
responses as a function of the distance of the land-
mark from the rewarded discriminandum for all
dogs. A one-way repeated measures ANOVA re-
vealed a significant effect for distance:
F(2,10) = 50.17, P < 0.0021, which shows that task
performance decreases as the distance between
the landmark and the rewarded discriminandum
increases.

Experiment 3: Performance
on a Spatial Delayed Nonmatching
to Position Task

Experiment 3 was designed to determine
whether dogs could also perform a spatial DNMP
task, which relies on egocentric spatial cues. The
subjects consisted of a subset of five dogs (Angus,
Benz, Bronco, Buick, Quincy) from the previous
experiment. Each of these dogs had performed

Figure 4: Mean percentage of correct responses as a
function of the distance of the landmark from the re-
warded discriminandum for all dogs on the variable dis-
tance landmark task in Experiment 2. A one-way re-
peated measures ANOVA revealed a significant effect
for distance: F(2,10) = 50.17, P < 0.0021, which shows
that task performance decreases as the distance between
the landmark and the rewarded discriminandum in-
creases. Values represent mean ±S.E.M.

Table 1: Acquisition of landmark discrimination task

Dog’s
name

L0 L1 L2 L3 L4

error trial error trial error trial error trial error trial

Angus 10 30 20 70 2 10 13 60 1 20
Benz 22 70 70 200 1 20 1 10 6 20
Bronco 24 50 1 10 4 209 32 80 151 400
Buick 12 40 6 20 57 180 169 400 200 400
Quincy 36 90 18 70 33 100 146 400 200 400
Santa 17 50 1 10 6 30 18 60 34 100
Nickie 44 160 28 100 34 110 14 50 53 150
Inu 153 330 165 400 N.A. N.A. N.A. N.A. N.A. N.A.
Millie 75 210 168 400 N.A. N.A. N.A. N.A. N.A. N.A.

Total number of errors and total number of trials during the acquisition of L0, L1, L2, L3, and L4.
Maximum number of trials performed at any landmark position is 400 (10 trials per day for a maximum of 40 days).
(L0) Landmark 0 (on top of rewarded discriminandum); (L1) landmark 1 (1 cm away from rewarded discriminandum); (L2)
landmark 2 (2 cm away from rewarded discriminandum); (L3) landmark 3 (3 cm away from rewarded discriminandum);
(L4) landmark 4 (4 cm away from rewarded discriminandum). (N.A.) Not available.
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successfully on the variable distance landmark
task. The spatial DNMP task has been described
previously by Head et al. (1995). Briefly, in the
testing box, dogs are presented with a single object
(sample) covering either the left or the right food
well on the presentation tray. Following a delay,
dogs are presented with two identical objects cov-
ering both the left and right food wells. To obtain
the food reward, dogs are required to choose the
object on the side opposite to the side where the
sample was originally presented. Dogs are tested
using a variable delay of 20, 70, or 110 sec between
presentation of the sample and presentation of the
identical objects. All dogs had learned previously
to successfully perform the DNMP task at delays of
10, 20, and 30 sec before being tested on the vari-
able delay procedure.

RESULTS FOR VARIABLE DELAY SPATIAL
DNMP TASK

An analysis of the total number of errors made
across 400 trials using the binomial probability dis-
tribution showed that all dogs performed this vari-
able delay spatial DNMP task at significantly greater
than chance levels (P < 0.05). Figure 5 shows the
mean percentage of correct responses as a func-
tion of delay for all dogs. A one-way repeated mea-
sures ANOVA revealed a significant effect for delay:
F(2,8) = 6.72, P < 0.019, suggesting that task per-
formance decreased as the delay interval increased.
These findings suggest that, in addition to learning

an allocentric spatial memory task (variable delay
landmark discrimination task), these same dogs
can also perform an egocentric spatial memory
task (variable delay DNMP task).

Discussion

This series of experiments showed that (1)
dogs can perform a landmark discrimination task if
they are first trained to attend to the landmark; (2)
dogs can use allocentric cues to solve a spatial task;
and (3) dogs can perform both egocentric and al-
locentric spatial memory tasks.

The primary purpose of this study was to de-
velop a protocol for testing allocentric spatial
learning in dogs. We originally thought that this
would not be difficult. Our initial attempts to train
dogs on the landmark discrimination task (i.e., Pro-
tocols 1 and 2), however, were unsuccessful. In
Protocols 1 and 2, the landmark and the rewarded
discriminandum were spatially separated. Protocol
3, however, showed that dogs could learn the spa-
tial relationship between the landmark and the re-
warded discriminandum if they were first taught to
attend to the landmark, which was accomplished
by placing the landmark directly on top of the re-
warded discriminandum. These findings suggest
that dogs were unable to learn the landmark task in
Protocols 1 and 2 because they failed to attend to
the relevant cue. This probably occurred because
the landmark was remote from the food well.
When the landmark itself became part of the dis-
criminandum covering the food well in Protocol 3,
however, subsequent acquisition of the task be-
came relatively easy.

The apparent necessity of initially training
dogs to respond to the landmark on top of the
discriminandum in the L0 condition, raises a po-
tential question about whether dogs were actually
learning to use allocentric cues in the subsequent
testing. Because the combination of the landmark
and discriminadum probably consists of a distinct
object, the L0 condition is an object discrimination
task (i.e., dogs may respond to the combination of
the landmark and the discriminandum). Given this
assumption, we cannot rule out the possibility that
the animals solved the subsequent conditions (i.e.,
L1, L2, L3, L4) through stimulus generalization.

On the other hand, the actual response of the
animals in conditions L1, L2, L3, and L4 was to
directed towards the rewarded discriminandum,
not to the landmark itself. This suggests that dogs
were attending to the spatial relationship between

Figure 5: Mean percentage of correct responses as a
function of delay for all dogs for the spatial DNMP task
in Experiment 3. A one-way repeated measures ANOVA
revealed a significant effect for delay: F(2,8) = 6.72,
P < 0.019, suggesting that task performance decreased
as the delay interval increased. Values represent mean
±S.E.M.
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the landmark and the discriminandum, and that
they were not simply responding to the combina-
tion of the landmark and the discriminandum. In
addition, the discriminandum and the landmark
were presented to the dog on both the left and the
right sides of the tray (see Fig. 3B). The configura-
tion of the landmark and the rewarded discrimi-
nandum on the left side was, therefore, the mirror
image of the configuration of the landmark and the
rewarded discriminandum on the right side. The
fact that the configurations were actually different,
further increases the likelihood that the animals
using allocentric spatial relations rather than stimu-
lus generalization to solve the task..

Difficulty in the initial training on the land-
mark discrimination paradigm was also reported by
Biegler and Morris (1996) in rats. Why should this
seemingly simple task be so difficult? In nature,
external landmarks are frequently likely to be the
only available cues for spatial navigation, and the
use of such external landmarks should, therefore,
be relatively simple. As noted earlier, we have iden-
tified one possible reason, that of the proximity of
the landmark to the food. Another important vari-
able is landmark stability. In natural environments,
landmarks are useful because they are part of a
larger environmental context and are fixed in
space. In the present task, however, the position of
the landmark varied from trial to trial (i.e., the land-
mark was not stable), which may have made the
task much more difficult for dogs to solve. Biegler
and Morris (1996) have noted similar findings in
landmark discrimination tasks in rats. Although
dogs could not learn the original version of the
landmark discrimination task (Protocol 1), which
was based on the task used by Pohl (1973) with
monkeys, it is difficult to draw specific conclusions
regarding the allocentric spatial capabilities be-
tween the two species because of differences in
testing procedures. For example, the correction
procedures were markedly different. In the Pohl
(1973) study, every incorrect response was fol-
lowed by a forced-choice correction trial in which
the incorrect discriminandum was removed while
the correct discriminandum was left in place until
the monkey made the correct choice. Compared to
the one-trial correction procedure used in the pres-
ent study, it is very likely that Pohl’s correction
procedure significantly facilitated the task learning.

We also found that performance on the land-
mark task decreased as a function of the distance
between the landmark and the rewarded discrimi-
nandum. Dogs made significantly more errors

when the distance between the landmark and the
rewarded discriminandum was increased. This re-
sult is not too surprising, because previous re-
search with rats has also found that task difficulty
increases as a function of the distance between the
landmark and the discriminandum (Biegler and
Morris 1996). We did find, however, that dogs
were able to learn a variable distance landmark
task. This shows that dogs were not only able to
learn the association between the reward and the
object that was closest to the discriminandum, but
they were also able to apply this rule when the
distance between the landmark and the discrimi-
nandum were varied.

Despite the fact that most dogs learned the
landmark task with little difficulty, two dogs failed
to acquire the task when the landmark was placed
at a distance of 1 cm away from the discriminan-
dum. Both of these dogs were over 10 years of age,
however, which raises the possibility that this form
of allocentric spatial learning may be sensitive to
age effects in the canine. Past research from our
laboratory has demonstrated that aged dogs, like
other species, show age-dependent deterioration
in cognitive function. For example, aged dogs ac-
quire nonspatial visual tasks (Milgram et al. 1994)
and the DNMP task (Head et al. 1995) more slowly
than young dogs. Because only two aged dogs
were included in this study, however, we are un-
able to determine whether performance on the
landmark discrimination task deteriorates as a func-
tion of age. Studies are currently being conducted
in our laboratory to investigate this possibility.

As dogs could perform both the variable delay
DNMP task and the variable distance landmark dis-
crimination task, this suggests that dogs could
learn both egocentric and allocentric spatial tasks.
It is not clear from this study, however, which
neural substrates are responsible for egocentric
and allocentric spatial learning in the dog. As de-
scribed earlier, Pohl (1973) demonstrated that le-
sions to the posterior parietal cortex (but not the
frontal cortex) impair performance on the land-
mark task, whereas lesions to the frontal cortex
(but not the posterior parietal cortex) impair per-
formance on a place discrimination task that relies
on egocentric cues. Based on these data, Pohl
(1973) suggested that the parietal cortex may me-
diate allocentric spatial learning, whereas the fron-
tal cortex may mediate egocentric spatial learning.
Although the neural substrates responsible for al-
locentric and egocentric spatial learning in the
present study are not completely understood, it is
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entirely possible that dual neural mechanisms for
spatial orientation may also exist in the canine
brain.

In summary, we developed a protocol to suc-
cessfully evaluate landmark discrimination learning
in the dog. This study provides the first evidence
that dogs can use allocentric, as well as egocentric
cues, to solve a spatial learning tasks.
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